Performance of local level planning policies for reducing greenhouse gases: insight from new by Onyango V & Burford NK
M
anagem
ent of Environm
ental Quality
Performance of local level planning policies for reducing 
greenhouse gases: insight from new builds in Scotland. 
Journal: Management of Environmental Quality
Manuscript ID MEQ-10-2019-0215.R2
Manuscript Type: Research Paper
Keywords: Policy performance, Greenhouse gas emissions, Scotland, Local Planning, Policy evaluation, New builds
 
Management of Environmental Quality
M
anagem
ent of Environm
ental Quality
1
Performance of local level planning policies for reducing greenhouse gases: insight from 
new builds in Scotland. 
Structured abstract 
Purpose
Assess performance of local level planning policies that required new buildings to avoid a 
specified and rising proportion of projected greenhouse gases (GHGs) from their use; 
calculated based on the approved design and plans for the specific development, and; through 
the installation and operation of low and zero-carbon generating technologies (LZCGTs). 
Methodology
Data was extracted from a random sample of 911 new builds from 403 planning applications 
and related documents, across five Scottish local planning authorities (LPAs) who adopted 
GHG reduction policies. The data included: GHG reduction, LZCGT installation and 
performance, use of plan designs to meet GHG reductions, and exemptions from the GHG 
policies. Descriptive statistics using SPSS software, complimented by qualitative responses 
from questionnaires, helped to explain observed performance.
Findings
The policies performed poorly, and at the level of delivering low-hanging fruits, with 
significant room for improvement. Design-led opportunities in the GHG policies were not 
actively pursued; most LZCGT installation was exempt from GHG policies, and; the policies 
were poor in targeting the relationship between building unit size, GHG emission and 
reductions. 
Originality
One of the few studies assessing policy performance and distilling lessons, from early 
adopters of GHG policies at local level planning; offering performance benchmarks and 
raising points of concern for policymakers. 
Limitations
Page 1 of 28 Management of Environmental Quality
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
M
anagem
ent of Environm
ental Quality
2
The source documents where the data came from had varying quality and completeness, and 
some LPAs are over-represented in the data. The study applied limited criteria to evaluate 
policy performance. 
Practical implications
Areas for policymakers to further focus on when exploring how to enhance role and 
performance of LZCGT are highlighted, including practical suggestions. 
Keywords: Policy evaluation; Greenhouse gas emissions; Scotland; Local Planning; Policy 
performance; New builds.
1 Introduction 
Several local planning authorities (LPAs) in European countries have adopted policies to 
reduce man-made emission of greenhouse gases (GHGs) (Henderson, 2017; Heiskanen et al. 
2015). These measures became urgent following the December 2015 Paris Agreement signed 
by 195 countries (UNFCCC, 2015), adopting a long-term goal to hold the increase in global 
average temperature to well below 2°C above pre-industrial levels, whilst prioritising the 
pursuit to avoid dangerous climate change by limiting the increase to 1.5°C (IPCC, 2018). 
The Paris Agreement also shifted from the top-down approach of the previous Kyoto 
Agreement to a bottom-up approach, in which parties are required to determine their own 
national contributions and successively increase them to reflect their ‘highest possible 
ambition’. This has seen increased responsibility falling on local governments (e.g. city or 
municipal authorities) to respond through planning policies, as demonstrated in a world-wide 
study showing over 400 local-level GHG reduction policies having been adopted (Elofsson et 
al., 2018), catapulting local level planning policies into the spotlight. 
However, in this relatively young but fast-expanding policy arena, several publications 
(Committee on Climate Change [CCC], 2016; Hughes, 2017; Tang et al., 2010) identify the 
problem of governments paying little attention to evaluating the performance of the GHG 
policies once adopted.  Scholars have questioned whether the policies are providing a major 
contribution to GHG reductions (Rosenow and Eyre, 2016;  Campbell, 2013; Haug et al., 
2010), or merely window-dressing and not overcoming the status quo (Jordan and 
Huitema, 2014; Schaffrin et al., 2014). For Vine et al. (2014), this calls for robust 
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performance evaluation to facilitate tracking of policy impacts reliably and assess whether or 
not additional efforts are needed.  
This paper enjoins this interest in GHG policy performance evaluation by presenting insight 
from a desk study commissioned for the Scottish Government in 2015 (see Onyango et al., 
2016). The study was based on data from selected Scottish LPAs who were early adopters of 
GHG policies requiring the use of low and zero-carbon generating technology (LZCGT) in 
new buildings. As GHG policies proliferate, with associated implementation and opportunity 
costs, and within a political environment where public spending must be justified (Rosenow 
and Eyre, 2016), the need to evaluate policy performance is compelling (Boulmetis and 
Dutwin, 2011). This echoes Vedungs’ (1997, p. 42) intervention theory in relation to the 
governance of citizens’ affairs, proposing a rationalist model wherein the policies must 
deliver what they promise.
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
2 Background and literature review
2.1 Scottish GHG emission reduction policy context 
Scotland’s GHG policies at the LPA level are best understood within a wider policy context, 
in which Europe is consolidating policy actions for minimising the built environment’s GHG 
emissions, and advocating for a shift towards low-energy buildings powered by renewable 
and low-carbon emitting energy sources (Kibert and Fard, 2012). The EU Energy 
Performance of Buildings [EPBD] Directive 2020 (EC, 2010a) asked member states to adopt 
improved energy performance measures in legislation, to ensure all new buildings comply 
with the Nearly Zero Energy Building Directive, by the end of 2020 (EC, 2010b). This is 
understandable given that buildings in the EU account for about 40% of total energy 
consumed and 36% of CO2 emissions (EC, 2010a).
The report Net Zero: The UK’s contribution to stopping global warming (CCC, 2019), 
concludes that net-zero is urgent, fundamental, feasible and can be cost-effectively 
implemented with more ambitious targets: via full use of the policy levers including on 
housing heat requirements. Thus, if Scotland is to meet net-zero by 2045, it must significantly 
ramp up its policies (p.15), within a just transition that protects vulnerable workers, 
consumers and rural and island populations (p.139). Current installation of LZCGT such as 
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heat pumps remain low and less than 5% of energy used for heating buildings comes from 
low-carbon sources (BEIS and BRE, 2019), with significant room for improvement.
The Scottish Government’s Climate Change (Scotland) Act (CCSA) 2009 requires Scotland’s 
GHG emissions be at least 80% lower than the 1990 baseline by the year 2050, with an 
interim target of at least 42% lower than the 1990 baseline by 2020. Scottish planning policy 
allows LPAs to tailor policy within their Local Development Plans (LDPs) and associated 
Supplementary Guidance to their specific regional context. In terms of new buildings, 
Scotland operates a two-stage building consent process: (1) Planning, which is concerned 
mainly with design and appropriateness of development; and (2) Building Warrant, which 
ensures that all developments meet Scottish Technical Standards in terms of Structure, Fire, 
Environment, Safety, Noise, Energy and Sustainability. Both stages play an active role in 
supporting GHG emission reduction policies. The Town and Country Planning (Scotland) 
Act 1997 has an insertion, ‘Section 3F Greenhouse gas emissions policies’ requiring LPAs to 
include GHG policies in their LDPs, stating: 
   
‘. . . all new buildings avoid a specified and rising proportion of the projected greenhouse 
gas emissions from their use, calculated on the basis of the approved design and plans for 
the specific development, through the installation and operation of low and zero-carbon 
generating technologies [LZCGT].’
The bold print (our emphasis) highlight specific reference points against which assessment of 
performance will be undertaken in this study. The current policy target, adopted in 2015, 
requires GHG emission reductions of approximately 45% compared to the 2010 standards, 
although at the time of this study the target was specified in the Building Standards 
regulations Sec 6.1 as 30% of the 1990 level. The target is subject to incrementally more 
onerous levels towards 2050. Annual reports to the Scottish Parliament on the effectiveness 
of section 3F policies showed that although Scotland’s GHG emissions fell annually, the 
proposed target for 2050 would be compromised (CCC, 2017), with targets from heating 
buildings and the uptake of low-carbon heating unlikely to be met. Although the reports have 
annually commented on the performance of GHG policies, mainly based on qualitative 
approaches, the Fifth Annual Progress Report ([online]: https://beta.gov.scot/publications/) 
asked that performance of GHG policies be determined quantitatively, thus motivating this 
study. 
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Section 7 Sustainability, of the Scottish Technical Handbook, recognises several LZCGT 
(e.g. micro hydro, micro wind, photovoltaics, solar thermal, biomass boilers/stoves, biogas, 
heat pumps and combined heat and power (CHP) fired by low emission sources) that could 
assist LPAs to meet their obligations under Section 3F. The Scottish Government estimated 
that LZCGT in new buildings or micro-generation could help reduce household CO2 
emissions by 15% per year by 2050 (Scottish Executive, 2007, p. 19), making GHG policies 
central to meeting obligations set under the EPBD 2020 Directive and the aspirations 
identified in the 2020 Routemap for Renewable Energy in Scotland (Scottish Executive, 
2011a). 
2.2 Planning application for new builds: an overview
A planning application for a new building is first submitted to the LPA’s planning 
department. Here, they are subjected to GHG policies stipulating that new buildings, unless 
exempt, adopt LZCGTs (not mandatory) as a means of meeting GHG emission reduction 
targets as set out in Section 6 Energy, of the Building Regulations Technical Handbooks 
(Scottish Executive, 2011b). It is assumed that designs presented at the planning application 
stage are capable of meeting minimum building standards and achieving a Building Warrant, 
with further technical information about the building being presented at the Warrant stage. 
Standard Assessment Procedure (SAP) and Simplified Building Energy Model (SBEM)1 are 
the UK Government’s standard tools for showing compliance with Section 3F CO2 emission 
reduction targets (Burford et al., 2019). SAP and SBEM calculations, updated every four 
years (BEIS and BRE, 2019), are desktop exercises which allow comparison to be made of 
the energy running costs of dwellings anywhere in the UK based on the elements of structure, 
the heating and hot water system, lighting, and the renewable technologies of a dwelling. In 
SAP 2012 (DECC, 2012), the calculations were location independent and based upon a 
notional standard occupancy perceived to overcome variations associated with physical 
location and the differing ways in which people utilise their homes. 
It is assumed that SAP and SBEM’s predictive data accurately reflect actual energy 
consumption and CO2 emissions. However, several factors influence the accuracy of these 
predictions, some of which relate directly to elements of calculation methodology and 
1 The SAP document provides energy ratings for new domestic buildings, and SBEM calculations are required 
for all newly built commercial and industrial structures.
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conversion factors prescribed within SAP which may not accurately reflect reality (Burford et 
al., 2019). Studies suggest that actual energy consumption and CO2 emissions vary 
substantially even between identical properties due to the number of occupants and the way 
they use the building (Sunikka-Blank and Galvin, 2012; Sia and Jose, 2019; Makijenko et al., 
2016). 
2.3 Performance of GHG policies: overview of studies 
As a vast amount of literature exists on measuring and evaluating policy performance in 
general, this section only highlights aspects for a theoretical context for this paper. Boulmetis 
and Dutwin’s (2011) definition of performance evaluation is particularly useful: “a 
systematic and objective assessment of an ongoing or completed project, programme or 
policy, its design, implementation and results”. In pointing to measurable and demonstrable 
results of policies, performance evaluations address important questions about policy options, 
including to what extent policies are delivering on pre-set aims; and helps decide whether to 
keep and/or improve the policies (Monni and Stripple, 2011; Bemelmans-Videc et al., 2017). 
According to Vedung (1997, p. 42), policy performance evaluation helps to answer key 
questions for evidence-based policy making, namely, what works, what doesn’t, where, why 
and for how much. Detailed discussions on policy evaluation methods exist (e.g. WRI, 2014; 
Coglianese, 2012; Crabbe and Leroy, 2008; Boulmetis and Dutwin, 2011) and there is no 
need to rehash them here. 
However, the abundance of studies on LZCGT performance on-site (McElroy and Rosenow, 
2019) sharply contrasts with the dearth of detailed evaluative studies on how the policies 
promote LZCGTs. Although the best research design for performance evaluation is the 
randomised experiment (Vine et al., 2014), this may not be practicable in GHG policies, 
hence recourse to observational studies which use a variety of statistical methods, where 
applicable, to isolate the effects attributable to the policy. Results are analysed and 
interpreted with caution, applying multidisciplinary effort and a good understanding of the 
relationships between the context2 in which the policy operates and the observed policy 
effects (Vine et al., 2014). 
2 The studies should use knowledge of other independent developments that may affect the policies and their 
desired outcomes.
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The GHG Protocol Policy and Action Standard, launched in 1998, provides a standardized 
global approach for estimating and reporting changes in GHG emissions and removals 
resulting from policies and actions (WRI, 2014). However, evaluation studies remain 
problematic, as there was often little reason to assume a certain cause-effect between policy 
activities and outcomes (WRI, 2014). The Protocol states that often the methodological 
options present a trade-off between accuracy and completeness, and the cost of 
implementation; in this study determined by objectives of the assessment, intended uses of 
the results, and time available to carry out the assessment (see Onyango et al., 2016). 
According to the Protocol, methodological standards and performance evaluation designs 
involving GHG policies must be capable of addressing: 
 Confounding or countervailing factors, which are alternative causal explanations for 
observed relationships between intervention and outcome; 
 Selection bias which causes impact to be observed erroneously; 
 Contamination and spill-over effects where comparison groups are affected by other 
interventions and outcomes; 
 Impact heterogeneity by intervention, beneficiary type and context. 
Studies show that practice in the developed western countries involves various types of GHG 
policies being adopted (Henderson, 2017; Van der Heijden, 2017), with different views as to 
their performance (Aallwood et al., 2010; Mesham et al., 2011; Baker et al., 2012; Hughes, 
2017). For some (Lutsey and Sperling, 2008; Grant et al., 2014), the USA “bottom-up” 
approach to GHG policies did not deliver major abatements. Kousky and Schneider (2003, p. 
369) presciently observed that GHG policies successfully delivered only the “low hanging 
fruits”. Other studies show that local spatial planning had weakly responded to advancing the 
measures for reducing GHGs (Stern, 2006; Sullivan, 2007). Preston et al. (2011) in the USA 
and Dovlen and Khakee (2017) in Sweden concluded that local plans containing GHG 
policies were themselves relatively under-developed, and; often with poor results (Victor et 
al., 2017; Steffen et al., 2018). This pinpoints the need for further insight on how the 
performance of the policies can be understood and enhanced if countries are to achieve their 
GHG reduction targets for 2030 and beyond. 
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3 Methods and Data  
3.1 Data collection
As the approach for undertaking any evaluation of policy performance is dictated by purpose 
and availability of data (Boulmetis and Dutwin, 2011), this study used a random sample of 
new domestic and non-domestic buildings from five LPAs who adopted Section 3F policies, 
representing urban, sub-urban, accessible rural and remote rural regions. To provide an in-
depth understanding of the performance of the GHG policies, data was extracted from both 
Planning and Building Warrant submissions for each application sampled, as follows. Each 
LPA maintained an online and publicly searchable portal containing documents pertaining to 
planning applications for new buildings. The portal was accessed and relevant applications 
for the study identified based on three criteria: (1) it was for a new build and received after 
the adoption of GHG policies; (2) it had a heat and electrical demand and was not exempt 
from GHG policies; and (3) it had Building Warrant and relevant SAP or SBEM reports. The 
latest application in the planning portal was inspected by the researchers and if it met the 
above three criteria, its reference number was given to the LPA for related documents (SAP 
or SBEM; plan drawings) to be retrieved. If the information in the documents was incomplete 
the LPA replaced it with the next earlier application, until the 100th was reached. The sample 
size of 100 was a convenient target in each LPA for statistical analysis.
At the time of study, the 14 Scottish LPAs who had adopted GHG policies were invited to 
participate, resulting in a varied response in terms of the amount and quality of SAP data 
supplied. This led to the decision to obtain more complete datasets from only five of the 
LPAs from whom more complete documents had been received. A range of building types 
(domestic, multi-domestic, public, commercial, industrial, other and mixed) were included to 
capture the broad range of applications (Table 1). In each year’s data set, 75% of the 100 
applications represented dwellings and 25% non-dwelling buildings as most applications 
were for dwellings. 
Insert table 1 here
As some planning applications contained several buildings each of which differed in design, 
the database in our study was organised with respect to individual building units rather than 
applications. For each unit, numerical data capturing whether the designs and dwelling 
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orientation were aligned to meet GHG policy objectives; type of building, size, year of 
application, heat demand, electrical demand, energy consumption, CO2 emissions and 
projected reductions, number and type of LZCGT planned and eventually installed, including 
energy and CO2 associated with the LZCGT, were extracted and entered into the database as 
fully described in Burford et al. (2019). The data was purposively selected to address the four 
key policy elements in the Section 3F policy (section 2.1).
The database consisted of 330 planning applications subject to Section 3F policy, 
representing 911 individual units (Domestic and Non-Domestic). As we were unable to 
obtain warrant data for the entire sample, some of the information acquired was incomplete. 
The completeness of documents received varied immensely across the LPAs, and the data set 
was dominated by LPAs B and E with LPA A particularly under-represented in the sample of 
buildings. Deeper analysis was therefore based on the units returning complete SAP and 
SBEM Data, representing 403 Domestic units with an aggregate floor area of 50,416 m2 and 
24 Non-Domestic units with an aggregate floor area of 14,887 m2. The majority of the Non-
Domestic sample returning complete SBEM data was concentrated in LPAs A and C. 
To assess performance of GHG policies, in terms of reach, the proportion of applications 
exempted from the policies was analysed. To do this, each LPA planning portal was accessed 
starting from latest application as of 31/12/2015, and working backwards one by one till the 
100th application. A tally of exempt applications was ade, recording the type of building 
and reason(s) for exemptions. Further, to get nuanced and contextual explanations on the 
performance of the GHG policies, a questionnaire survey comprising open-ended questions 
asking what factors enhanced or constrained successful implementation and performance of 
the policies, was sent by email to a planning officer in each of the five LPAs. 
3.2 Data analysis
Performance was evaluated by assessing the extent various elements of GHG policies were 
delivered, representing a mix of policy implementation e.g. reach and enforcement, and; 
performance in installed LZCGT and amount of GHG reduced. The criteria for the analysis 
reflected those in the GHG Protocol Policy and Action Standard (WRI, 2014), to instil 
objectivity into the method. As there were no targets in three of the four policy elements, the 
study focused on quantifying activities and achievements (Table 2), e.g. number of LZCGTs 
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installed, applications where design aspects were used to achieve GHG reductions, and 
applications subjected to GHG policies. 
Insert table 2 here
By comparing these numbers against the entire sample, we could estimate level of performance 
and/or scope for improvement. This approach to analysis echoes Hall (1993) and Howlett and 
Cashore (2009), who analysed policy performance in terms of ends (goals and what to 
deliver) and means (instrumental logic of implementation preferences) e.g. how the settings 
and calibrations are delivered. To help explain the observations, descriptive statistics from 
SPSS software (mean, frequencies, cross-tabulation, and correlation analysis), alongside 
responses from the questionnaires, were used. Key messages from the Planning officers’ 
questionnaires were analysed based on emphasis of language to infer significance. Table 3 
summarised our overall approach to the analysis. 
Insert table 3 here
4 Results
Results on performance are structured around the four key elements of analysis (sec 3.2), 
reported at LPA level with the identities of LPAs anonymised.
4.1 Avoiding a specified and rising proportion of GHGs 
As one cannot get planning permission without complying with regulations, the policy was in 
this sense 100% effective in ensuring that every application, unless exempt, met the 30% 
target specified; with most applications (70%) not delivering beyond the legal target (Figure 
1). Only 2 of the 911 (0.2%) units were carbon negative, suggesting very low performance in 
incentivising deeper reductions beyond the target. A study of GHG policies in England 
(Greenwood et al., 2017), based on rigorous stakeholder engagement, also found very low 
performance. 
Insert figure 1 here
In this study, although the GHG policies were supposed to deliver rising reductions over the 
years, e.g. in LPA A the policy adopted aimed to accelerate reductions to 60% in 2012, 90% 
in 2014 and 100% in 2016, this did not happen; ostensibly, because of economic downturn in 
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the construction industry. However, abandoning this ratcheting was illustration of poor 
performance, as the ratchet was part of the policy design and therefore fundamental to the 
delivery of policy goals. 
4.2 Installation and operation of LZCGTs
Although the policies set no target for LZCGT installation, 520 units (57%) in the warrant 
data specified LZCGT (Table 2), ranging from 35% in LPA B (urban / sub-urban) to 95% 
and 98% in LPAs C and D (rural / remote), respectively. Where LZCGTs were specified at 
the planning stage they were often delivered at Building Warrant, with large projects of 
several units more likely to adopt LZCGTs than single unit developments. Although far fewer 
in number, all non-domestic buildings adopted LZCGT. LPAs in rural / remote areas (D and 
C) had nearly 100% of the dwellings specifying LZCGT, with the highest contributions to the 
energy mix at 64.1% and 41.9%, respectively. LPA B (urban / sub-urban) had both the lowest 
percentage of new builds specifying LZCGT at 35% and by far the lowest LZCGT 
contribution to the energy mix at just 5.1%. Furthermore, biomass boilers and stoves were 
evidenced in large numbers in LPAs that were not smoke free zones; LPAs B and A, with a 
sunnier east coast climate, had greater proportions of photovoltaics and solar thermal, 
showing that LPA regional context influenced the uptake of LZCGT, with remote and off-
grid areas demonstrating greater installation and contribution to the energy mix than urban 
and gas grid-connected areas.  Aall et al. (2007) also reported on the role of regional context 
where Norwegian municipalities’ household heating was delivered from carbon free energy 
sources, reflecting the predominance of hydroelectric power in Norway. 
The sample had an overall Net Energy Consumption of 1,793.8 MWh/year which translated 
to emissions of 425.9 tonnes CO2/year, resulting in an Average Net Energy Consumption of 
120.5 kWh/m2/year (equivalent to 74,743 kWh/unit/year) and Average CO2 Emissions of 
28.6 kg CO2/m2/year (equivalent to 17,746kgCO2/unit/year). The domestic sample (403 
Units) had an average net energy consumption of 63.9kWh/m2/year with an average CO2 
emission of 16.1kgCO2/m2/year. The non-Domestic sample (21 units) had an average net 
energy consumption of 120.5kWh/m2/year with an average CO2 emissions of 
28.6kgCO2/m2/year. It was not possible to calculate percentage CO2 emission saving as a 
result of implementing LZCGTs from the SAP data supplied at the Building Warrant stage. 
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Inclusion of non-LZCGT was observed in the data: in LPA E, 54 of the 92 units in their 
Warrant dataset used efficient gas boilers as the primary heating source and 35 of these units 
had no other LZCGT specified. Technology such as Mechanical Ventilation with Heat 
Recovery (MVHR) was not classified as a renewable technology in respect to Building 
Regulations although it was frequently used in the data. Notably, low as opposed to zero 
carbon technologies, dominated the sample studied, with little or no evidence for scaled 
solutions such as district heat networks or energy storage technologies other than domestic 
scale hot water cylinders. None of the policies studied distinguished between low and zero 
carbon technologies, and, most LZCGT installation was associated with retrofits and other 
new builds exempt from GHG policies. The data also revealed that biomass stoves were 
observed as compliance LZCGT and the largest energy contributions were made exclusively 
by low carbon (biomass stoves, heat pumps and combined heat and power (CHP)), not zero 
carbon technologies (e.g. Air Source Heat Pumps (ASHPs), Ground Source Heat Pumps) 
(Table 4). 
Insert table 4 here
The type of LZCGT specified was at the discretion of the architect/designer and no 
conditions were imposed on any planning application stipulating that certain LZCGT be used. 
There were no mechanisms to correlate the standard of compliance documentation requested 
at Planning and at Building Warrant stages, and there was no evidence or mechanism to 
monitor and assure that the specified LZCGT was delivered. This points to a situation where 
performance is both weak and assumed, and not ascertained, as there is no means of 
verification.
4.3 Approved designs and plans 
Although GHG policies required the design of plans and buildings to be used in avoiding 
GHG emission, the data revealed little evidence of this. Although three LPA policies 
encouraged a design-led approach linking LZCGT with other energy efficiency measures and 
passive design principles, only one Passivhaus (0.01%) was found in the study sample. 
Although the data contained several plan designs which would have clearly benefitted from 
design considerations (e.g. south orientation for solar gain; MVHR to facilitate further 
reductions in space heat demand), these opportunities were not flagged up in the planning 
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phase, highlighting therefore an under-utilised element of the policies. Applications which 
had reached the 30% target did not bother to make any further abatements e.g. using design 
elements. Yet studies have shown that LZCGTs are more effective when designed with an 
efficient building fabric and integrated passive design, within a holistic strategy (Bünting, 
2017); which can be promoted via planning decisions. 
4.4 Policy reach and enforcement
Only 33% of applications were subjected to GHG policies: with standalone applications for 
LZCGTs (e.g. a micro-hydro scheme) and retrofitting LZCGTs to existing buildings forming 
a substantial number of exemptions. Applications indicating LZCGT in their plans were high 
in all building types except multi-domestic developments which comprised almost 70% of the 
study data, presenting a significant opportunity for more GHG reductions (Table 5). Regional 
context significantly influenced the type of planning applications submitted, and by 
extension, the proportion of applications subject to or exempt from GHG policy or providing 
LZCGT. For example, in LPA B, the urban environment placed natural limits on expansion 
and new build developments, resulting in a greater proportion of the planning applications 
(74%) falling into exempt categories (alterations, extensions, conversions and change of use). 
Insert table 5 here
However, the relatively small proportion of new build (21%) represented development on a 
larger scale in comparison to some of the more rural areas in this study. Where LZCGT-
related consent conditions were imposed on applications, they were predominantly in respect 
to micro wind, biomass, ASHPs, MVHR and CHP, and about noise, colour and end of use 
aspects: and not about LZCGT performance. When asked whether the planning process could 
more effectively use plan designs to meet GHG policy aims, planning officers indicated that 
they were more ‘focused to deliver planning’s core competency of deciding the type and 
where a development goes and had no appetite for taking on the remit of deciding on LZCGT 
in a development’. 
5 Discussion
The poor performance in three out of four policy elements analysed in this study: 1) 
increasing proportions of reductions, 2) using plan designs and 3) enforcement, all shared the 
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single characteristic of lacking clear binding targets. In the fourth element, while the 100% 
delivery of the mandatory 30% reduction target was expected, this achievement was driven 
by the Building Standards, and not Section 3F policies. That 70% of the buildings delivered 
just the legal target and no more, confirmed the perennial problem of merely delivering low 
hanging fruits of policies (Kousky and Schneider, 2003); a fundamental constraint on policy 
performance due to lack of incentives for deeper abatements. 
The flexibility observed in the policies was a strength, allowing LPAs and applicants to adopt 
LZCGTs most appropriate to their conditions. This flexibility holds potential for greater 
GHG reductions via scaled LZCGTs that exploit efficiencies from agglomeration of scale, 
e.g. aggregating new homes around a large central district heating system or wind turbine 
(Richels and Blanford, 2008). However, the flexibility also saw LPAs risk undermining the 
ethos of Section 3F policies, by expanding the definition of LZCGTs to include innovative 
technologies (efficient Gas Boilers and Efficient Appliances), in contravention of the 
definition contained in the Scottish Building Standards. 
The weak enforcement observed in the study reflects another perennial problem echoed in 
other studies, pinpointing that successful policies require concrete goals that can be 
objectively measured (Grant et al., 2014). In this study, weak enforcement was partly due to 
planning officers being increasingly pressurised i to fast-tracking planning applications, 
exacerbated by a lack of transparency within the evidencing procedures (Onyango et al., 
2016). 
That GHG reduction targets in the policies were not periodically accelerated, highlights the 
fraught nature of policy implementation and lack of predictable mechanisms in the policy 
design, to incentivise greater GHG reductions regardless of expedient economic arguments. 
Periodically ratcheting up reduction targets can counteract the perennial delivery of low 
hanging fruits, especially if the targets soon reach a level where the applications cannot 
comply without leveraging the design opportunities in the plans. This can have greater 
impact, as the Paris Agreement is predicated on ratcheting up of the GHG reduction targets, 
for global success in fighting climate change (UN, 2019). 
That design-led opportunities were rarely pursued contrasts with the consensus among 
building design professionals stating that the most cost-effective and long-term approach to 
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reducing GHGs is to reduce overall energy demand and consumption through improved 
fabric efficiency and site-specific passive design (Mackay, 2009) before considering LZCGT 
(see Giesekam et al., 2014). Policy requiring design-led approaches should be appropriately 
sequenced with those for LZCGT so that energy consumption, and not GHG emission 
reduction, is the primary principle; echoing Dulaal and Akbar’s (2013) and Shi et al.’s (2015) 
suggestions that GHG policies will perform better if used synergistically. Section 3F policies 
could play a greater role by helping specify the design aspects of new builds and LZCGT, to 
be later ascertained at the Building Warrant stage. However, this raises concern as to the 
willingness, capacity and ability of LPA planners to assess the appropriateness of the design 
and technical solutions offered and what other viable options exist, with or without LZCGT. 
A paradoxical insight exposed by the study is that current GHG policies, by design, are 
primarily focused on showing regulatory compliance; with little assurance about actual GHG 
emission reductions. The GHG policies studied were based on production ratio (against 
baseline) instead of how much GHG emission was avoided based on consumption and/or 
design elements that drive GHG emissions. Other scholars have also explained how GHG 
policies could achieve deeper abatement by shifting focus from technology-oriented 
efficiencies to strategies that target practices and patterns that underpin GHG production 
(Hausknost et al., 2018).
The study also revealed that the policies were poor in targeting equity in terms of the 
relationship between building unit size, GHG emission and reductions, as a strong and 
significant statistical correlation showed that large buildings required substantially more 
energy for space heating than small ones (Figure 2). This suggests that a large building 
returning a 30% reduction in GHGs still emitted relatively more than a smaller building. 
Insert figure 2 here
That LPA’s GHG policies performed differently, based on their contextual conditions, 
exposes the risk of a free rider (Hughes, 2016; Shambaugh and Barkin, 1996). For example, 
does it matter that an application meets the regulatory target using solar panels whilst another 
uses MVHR, as their abatement costs per unit of CO2 are different? This can imply inequity 
at the geographic level if one LPA delivers its targets using LZCGT that is costlier than 
another; and at an individual level, if an owner of a larger unit bears no extra cost relative to 
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that of a smaller unit. Statutory proportionate reductions for both hide the inequity and 
introduces a free-rider hazard, with implications for policy fairness (see WRI, 2014). 
Given that many nations will miss their GHG targets unless more abatements are delivered 
(Latin, 2012; Rogelj et al., 2016; UN, 2019), insight from this study showing that pathways 
for enhanced policy performance in GHG abatement exists, can inform policy reviews  to 
enhance the performance of current GHG policies. Huitema et al. (2011), drawing on a meta-
analysis of 259 climate policy evaluations from six European countries, found that an 
overwhelming majority (82%) of GHG policies were non-reflexive and did not challenge 
established policy goals. 
Furthermore, the UK CCC (2019) is asking for a fundamental change in the UK policy 
approach – e.g. new homes c nnected to the gas grid from 2025; household heating to be 
low-carbon in 2050; LZCGTs be core in net-zero emissions, and; Scotland to exploit its 
proportionately greater potential for GHG abatement through a just transition. Yet these are 
policy areas where insights from this study offer focus on themes (plan design), principles 
(e.g. equity, ratcheting) and benchmarks (LZCGT installed), as a canvas against which 
enhanced policy performance can be considered (RSE, 2019). 
In terms of methodology, this study was limited in the sense that other criteria to evaluate 
policy performance, e.g. impact, cost-effectiveness, efficiency, legitimacy, and coordination 
with other policies, fairness and equity (Dietz, 2010) were not evaluated. Yet such factors 
matter in the decisions about planning applications vis-a-vis GHG policy options. Also, 
access to the entire sample of applications held by LPAs was limited as not all applications 
were digitised and available in the portal. Therefore, the results of the study should be 
interpreted as “estimates” of the effect of policies and actions; with caution when comparing 
the results of GHG assessments, from elsewhere, as differences in reported emissions impacts 
may be a result of differences in methodology. Users should also exercise caution when 
aggregating the results of GHG assessments for local policies as effects of other cognate 
national policies may overlap (WRI, 2014).
6 Conclusion and recommendations 
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This paper reported on the performance of GHG policies, which required all new buildings to 
avoid a specified and rising proportion of GHGs  based on the approved design and plans for 
the specific development, at local level of planning. By pointing to measurable results based 
on four key elements of GHG policies from five Scottish LPAs, it is concluded that the 
policies generally performed at the level of low-hanging fruits. The observed modest uptake 
and performance of LZCGT is largely attributed to Building Standards legislation, alongside 
other context factors e.g. being rural or urban; not to Section 3F policies. That more LZCGT 
was installed out-with the GHG policy implies scope for a bigger reach, to increase the 
opportunities for more reductions. 
Design-led opportunities in the GHG policies were not actively pursued. By concentrating 
solely on the specification of LZCGT as a means of meeting regulatory compliance on GHG 
emissions, current Section 3F policies might be detrimental to design-led responses to CO2 
emissions reduction. 
This study’s quantitative benchmarks on the performance of the local level GHG policies, 
shows room for improvement; and insight for those interested in enhancing GHG policy 
performance. To address some of the sources of low performance identified in this study, it 
might help to define prescriptive requirements for sites, e.g. the need for energy storage or 
scaled energy systems such as district heating or CHP. Moreover, there might be a need to 
put some levelling performance benchmarks so that each LPA contributes to minimum equal 
but/or differentiated GHG policy targets, acknowledging contextual differences in each LPA. 
This paper offers no definitive single answer but recommends that the mix of GHG policies 
require deeper reflection about policy design and incentives for higher abatement; wider 
policy integration that prioritises design-first approaches, and; policies that shift focus from 
technology-oriented efficiencies to strategies that target practices underpinning GHG 
production demand. The benefits can span beyond the study and across the globe, following 
the argument that climate change issues must be translated or framed and addressed within 
the local context (Lindseth, 2004): with local authorities controlling policy measures for 
about 40% of national GHG emission reductions (CCC, 2012). 
Acknowledgement:
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The data used in this paper came from a study funded by the Scottish government, 
commissioned though ClimateXChange, to assess the effectiveness of GHG emission 
reduction policies in LDPs in promoting the uptake of LZCGT.
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Overall steps (Protocol) Detailed steps (our study)
Define policy actions (planned, adopted, or 
implemented); when, how, why (objective(s), 
application; 
Adoption and installation of LZCGT; increasing 
reduction targets; design and plans; GHG reduction; 
Identify boundaries; effects, exclusions, categories, 
significance criteria;
Policy implementation vs. objective or intended effect; 
qualitative and quantitative indicators of policy 
activities, outputs, and outcomes; causal chain; 
outputs e.g. non-GHG effects e.g. change in designs;
Estimate effects; baselines, performance 
measurements; 
LZCGT installed; GHG reductions; upward revisions 
of targets; use of plan designs; proportion of new 
builds exempted;
Report results and methodology; sources of data, 
analysis, assumptions, explanations, implications.
Quantitative and qualitative findings, justifications, 
cause-effect, potential interactions with other policies 
and actions, uncertainty, significance of policy action.
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Procedure Issues Guiding questions
Step 1 
Description
Introduction / background to contextualise 
topic (what, where, who, when?)
What is this about / main point / problem / 
issue? Who is involved / interested/ affected?
Step 2
Analysis
Explore relationship of parts to each other 
/ whole; cause-effect(how, why, what if?)
How does it work – in theory / practice? How 
does one factor affect others / fit into the whole? 
Why this argument / something else? 
Step 3
Evaluation
Implications, conclusion, 
recommendations (so what, what next?)
What does this mean? Why is it significant, 
convincing, right, wrong, (un)successful? What 
lessons and what needs doing now?
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